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1
POLYIMIDE BASED RESIN COMPOSITION

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a heat resistant polyimide
based resin composition having excellent resistance to
fatigue and creep, and more particularly relates to a poly-
imide based resin composition comprising polyaryl ether
ketone and polyetherimide in addition to extremely heat
resistant polyimide and having improved fatigue resistance.

2. Description of the Related Art

Many kinds of polyimides which have been convention-
ally developed exhibit excellent properties such as heat
resistance, static mechanical properties and chemical resis-
tance. However, conventional polyimides have been insuf-
ficient in permanence properties such as fatigue resistance
and creep properties. For example, a polyetherimide having
recurring structural units of the formula (A):

<q>
s

has a relatively high glass transition temperature of
210°~220° C. and good static mechanical strength and has
been developed 1ts uses in various fields.

The polyimide, however, is deficient in durability such as
resistance to fatigue and creep, and thus it has been difficult
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to develop uses for parts which require durability, that is, -

components which are exposed to repeated high stress.
In order to solve these problems, polyimide having recur-
ring structural units represented by the formula (B):

€ @ A

has already been developed (Japanese Laid Open Patent
SHO 62-236858 and 62-253655).

The polyimide has a glass transition temperature which is
30°~40° C. higher than that of the polyetherimide of the
tormula (A) and is excellent in mechanical properties. In
point of permanence properties such as fatigue resistance
"and creep properties, the polyimide is considerably
improved as compared with the polyetherimide having
recurring structural units of the formula (A). However, the
‘improvement has been still unsatisfactory.

For the demand of a polyimide having excellent durabil-
ity, polyimides having various outstanding properties, for
example, a trial of alloying the polyimide having recurring
structural units of the above formula (B) with polyarylether
ketone having good durability has been proposed. However,
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a suificiently improved polymer alloy has not yet been
provided.

SUMMARY OF THE INVENTION

An object of the present invention is to provide a poly-
imide based resin composition having good resistance to
fatigue and creep.

As a result of an intensive investigation in order to
accomplish the object, the present inventors have found that
a polyimide based resin composition having good resistance
to fatigue and creep can be obtained by mixing polyimide
having recurring structural units of the below described
formula (1) and polyarylether ketone with polyetherimide in
a specific range of composition, and alloying the resultant
mixture. Thus, the present invention has been completed.

That 18, one aspect of the present invention is a polyimide
based resin composition having good resistance to fatigue
and creep, comprising 1~350 parts by weight of polyether-

(A)

0O
CH3 1
| C
O AT
O-©or;
CHj; /
| C
.
0O

imide for 100 parts by weight of a resin composition
comprised of 50~1 parts by weight of polyarylether ketone
and 50~99 parts by weight of a polyimide having recurring
structural units represented by the formula (1):

" (B)

(1)

wherein Ar is
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wherein X 1s one or more radicals selected from the group
consisting of a direct bond, divalent hydrocarbon radical
having 1~10 carbon atoms, hexafluorinated isopropylidene,
carbonyl, thio, sulfonyl and ether radical,and Y,, Y,, Y5 and
Y, are individually one or more radicals selected from the
group consisting of a hydrogen atom, lower alkyl radical,
lower alkoxy radical, chlorine atom and bromine atom; and
R 1s a tetravalent radical selected trom the group consisting
of an aliphatic radical having 4~9 carbon atoms, monocyclic
aliphatic radical having 4~10 carbon atoms, monoaromatic
radical, condensed polyaromatic radical, and noncondensed
aromatic radical connected to each other with a direct bond
or a bridge member.

Other aspects of the present invention are preferably, (1)
a polyimide based resin composition comprising 1~50 parts
by weight of polyetherimide for 100 parts by weight of a
resin composition comprised of 50~5 parts by weight of
polyarylether ketone and 50-95 parts by weight of a poly-

imide having recumng structural units represented by the
formula (2):

- - e 3
* C C
N/ N\
X N R N
@\/\/
C
H |
Y Y4

wherein X 18 one or more radicals selected from the group
consisting of a direct bond, divalent hydrocarbon radical
having 1~10 carbon atoms, hexafluorinated isopropylidene,
carbonyl, thio, sulfonyl and ether radical, andY,,Y,, Y, and
Y, are individually one or more radicals selected from the
group consisting of a hydrogen atom, lower alkyl radical,
lower alkoxy radical, chlorine atom and bromine atom; and
R is a tetravalent radical selected from the group consisting
of an aliphatic radical having 4~9 carbon atoms, monocyclic
aliphatic radical having 4~10 carbon atoms, monoaromatic
radical, condensed polyaromatic radical, and noncondensed
aromatic radical connected to each other with a direct bond
or a bridge member, |

(2) a polyimide based resin composition comprising 1~50
parts by weight of polyetherimide for 100 parts by
weight of a resin compositioﬁ comprised of 50~1 parts
by weight of polyarylether ketone and 50~99 parts by
weight of a polyimide having recurring structural units
represented by the formula (3):

9, O

- I [
C C

/ N/ N\
N R N

O—Q NNV
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wherein R is a tetravalent radical selected from the group
consisting of an aliphatic radical having 4~9 carbon atoms,
monocyclic aliphatic radical having 4~10 carbon atoms,
monoaromatic radical, condensed polyaromatic radical, and-
noncondensed aromatic radical connected to each other with
a direct bond or a bridge member,

(3) a polyimide based resin composition wherein the
polyimide comprises an end-capped polyimide poly-
mer obtained by reacting diamine compound and tet-

racarboxylic dianhydride in the presence of aromatic
dicarboxylic anhydride of the formula (4):

(2)

=0

h‘s (4)

/\

\/
II
0

wherein Z 1s a divalent radical having 6~15 carbon
atoms and being selected from the group consisting of
a monoaromatic radical, condensed polyaromatic radi-
cal and noncondensed aromatic radical connected to
each other with a direct bond or a bridge member,
and/or aromatic monoamine represented by the formula

(5):
V—NH, (3)

wherein V 1s a monovalent radical having 6~15 carbon

atoms and being selected from the group consisting of '

a monoaromatic radical, condensed polyaromatic radi-
cal and noncondensed aromatic radical connected to
cach other with a direct bond or a bridge member,

(4) a polyimide based resin composition wherein the -
polyarylether ketone comprises at least one selected
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S

from the group consisting of structural units repre-
sented by the formulae of from (6) to (10):

OOy
{O)-HO)yHO)=-
{O)r~HO)y=O)=

©-O~0~0r
OO0

(5) a polyimide based resin composition wherein the
polyetherimide has recurring structural units repre-
sented by the formula (11):

SO

40

(6) a polyimide based resin composition improved a

- durability by heating at temperature of from 150° C. to
370° C.,

(7) a polyimide based resin composition which comprises 45
5 to 65 parts by weight of fibrous reinforcements for
100 parts by weight of the above polyimide based resin
compositions, and

(8) an injection molded article obtained from the above

polyimide based resin compositions.

The polyimide based resin composition of the present
invention has excellent fatigue resistance, creep properties,
and mechanical strength at a high temperature, and can be
widely applied in the fields for parts which these character-
1stics 1s desired, for example, machine parts such as gears,
shaft bushes, cams, bushings pulleys and sleeves; automo-
bile parts such as impellers, manifolds, valve lifters, piston
skirts, oil pans; and {ront covers, and chains.
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DETAILED DESCRIPTION OF THE
INVENTION

Polyimide used in the polyimide based resin composition g5
of the present invention comprises one or more recurring
structural units represented by the formula (1):

(6)

(7)

(8)

)

CO-~-

(10)

(11)

(1)

wherein Ar and R are the same as above.
Exemplified polyimides include polyimide having recur-
ring structural units represented by the formula (3):

O 0O
I
/\/\
(@_ ORaOR \/\/

wherein R is the same as above, which Ar in the formula (1)
1S

3)



5,473,010

or polyimide having recurring structural units represented by
the formula (2):

o 9@

wherein X, Y,~Y, and R are the same as above, which Ar
in the formula (1) is

Y1 Y3
Yo R4 | -
wherein X and Y,~Y, are the same as above.

The polyimide used in the present invention can be
prepared by the following processes.

Aromatic diamine compounds used as raw materials for
the polyimide having recurring structural units represented
by the formula (1) as fundamental skeleton are aromatic
diamino compounds represented by the formula (1-1)

HgN—@] O—Ar—O0 @NHg d-1

that is, the aromatic diamine compounds are 1,3-bis(3-
aminophenoxy)benzene represented by the formula (3-1):

o e
RONE)

as a raw material for the polyimide having recurring struc-
tural units represented by the formula (3), and aromatic
diamine compounds represented by the formula ( 2-1 ):

Y1 Ya

Yo Ya
wherein X 1s one or more radicals selected from the group
consisting of a direct bond, divalent hydrocarbon radical
having 1~10 carbon atoms, hexafluorinated isopropylidene,
carbonyl, thio, sulfonyl and ether radical, and Y,, Y,, Y, and

Y, are individually one or more radicals selected from the
group consisting of a hydrogen atom, lower alkyl radical,

HsoN

(2-1)

O

S

O
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8

lower alkoxy radical, chlorine atom and bromine atom, as
raw material for the polyimide having the recurring struc-

tural units represented by the formula (2).

The polyimide used in the present invention can be
prepared by reacting one or more aromatic diamines with
one or more tetracarboxylic dianhydrides represented by the
formula (12):

(2)

(12)

C C
7 N /7 N\
O R 0
N/ N/
C C
] ]
0 0

wherein R 1s a tetravalent radical selected from the group
consisting of an aliphatic radical having 4~9 carbon atoms,
monocyclic aliphatic radical having 4~10 carbon atoms,
monoaromatic radical, condensed polyaromatic radical, and
noncondensed aromatic radical connected to each other with
a direct bond or a bridge member, in a solvent and then
thermally or chemically imidizing the resultant polyamic
acid.

Exemplary diamine compounds represented by the above
formula (2-1) include;

the diamine compound which X in the formula (2-1) is
direct bond, for example;

 4,4-bis(3-aminophenoxy)biphenyl,

4,4'-bis(3-aminophenoxy)-3-methylbiphenyl,
4,4'-bis(3-aminophenoxy)-3,3'-dimethylbiphenyl,
4.4'-bis(3-aminophenoxy)-3,5-dimethylbiphenyl,
4,4'-bis(3-aminophenoxy)-3,3',5,5 -tetramethylbiphenyl,
4.,4'-b1s(3-aminophenoxy)-3,3'-dichlorobiphenyl,
4.4'-bis(3-aminophenoxy)-3,5-dichlorobiphenyl, |
4,4'-bis(3-aminophenoxy)-3,3',5,5'-tetrachlorobiphenyl,
4,4'-bis(3-aminophenoxy)-3,3'-dibromobiphenyl,
4,4'-bis(3-aminophenoxy)-3,5-dibromobiphenyl,
4,4'-bis(3-aminophenoxy)-3,3',5,5'-tetrabromobiphenyl,

(2) the diamine compound which X in the formula (2-1)

- 18 divalent hydrocarbon radical, for example;
bis[4-(3-aminophenoxy)phenyl jmethane,
1,1-bis[4-(3-aminophenoxy)phenyl]ethane,
1,2-bis[4-(3-aminophenoxy)phenyl]ethane,
2,2-bis[4-(3-aminophenoxy)phenyl]propane,
2-[4-(3-aminophenoxy)phenyl]-2-(4-(3-aminophenoxy)-3-

methylphenyljpropane,
2,2-bisf4-(3-aminophenoxy)-3-methylphenyl Jpropane,
2-[4-(3-aminophenoxy)phenyl]-2-[4-(3-aminophenoxy)-3,

S-dimethylphenyl]propane,
2,2-bis[4-(3-aminophenoxy)-3,5-dimethylphenyl |propane,
2,2-bis[4-(3-aminophenoxy)phenyl]butane,

(3) the diamine compound which X in the formula (2-1)

is hexafluorinated isopropylidene radical, for example;
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2,2-bis[4-(3-aminophenoxy)phenyl]-1,1,1,3,3,3-hexafluoro-
propane, |
(4) the diamine compound which X in the formula (2-1)
is carbonyl radical, for example;
bis{4-(3-aminophenoxy)phenyl]ketone,
bis[4-{4-4-aminophenoxy)phenoxy }phenyl]ketone,
(5 the diamine compound which X in the formula (2-1)
is thio radical, for example; |
bis[4-(3-aminophenoxy)phenyljsulfide,
bis[4-(3-aminophenoxy)-3-methoxyphenyl]sulfide,
[4-(3-aminophenoxy)phenyl]4-(3-aminophenoxy)-3,5-
dimethoxyphenyl]sulfide,
bis[4-(3-aminophenoxy)-3,5-dimethoxyphenyl]jsulfide,
(6) the diamine compound which X in the formula (2-1) is
sulfonyl radical, for example;
bis{4-(3-aminophenoxy)phenyl]sulfone,
bis[4-{4-(4-aminophenoxy)phenoxy }phenyl]sulfone,

(@ the diamine compound which X in the formula (2-1)
1s ether radical, for example;
bis[4-(3-aminophenoxy)phenyljether,
bis[4-(4-aminophenoxy)phenyljether.

These diamine compounds may be used either singly or in
combination of two or more.

The polyimide used in the present invention is prepared
by using the above aromatic diamine compound as raw
materials. The polyimide prepared by simultaneous use of
other diamines can also be used for the composition of the
invention as long as no adverse effect is found on the good
melt-flowability of the polyimide.

Other diamines which may be used as a mixture include,
for example, m-aminobenzylamine, p-aminobenzylamine,
bis(3-aminophenyl)ether,  (3-aminophenyl){4-aminophe-
nyl)ether, bis(4-aminophenyl)ether, bis(3-aminophenyl)sul-
fide, (3-aminophenyl)(4-aminophenyl)sulfide, bis(4-ami-
nophenyl)sulfide, bis(3-aminophenyl)sulfone,
(3-aminophenyl)(4-aminophenyl)sulfone, bis(4-aminophe-
nyl)sulfore, 3,3'-diaminobenzophenone, 3,4'-diaminoben-
zophenone, 4,4'-diaminobenzophenone, 2,2-bis[4-(4-ami-
nophenoxy)phenyl]propane, 1,3-bis(4-
aminophenoxy)benzene, 1,4-bis(3-aminophenoxy)benzene,
1,4-bis(4-aminophenoxy)benzene, 4,4'-bis(4-aminophe-
noxy)biphenyl, bis[4-(4-aminophenoxy)phenyl]ketone, bis
[4-(4-aminophenoxy)phenyl]sulfide,  bis[4-(4-aminophe-
noxy)phenylsulfoxide, and bis[4-(4-
aminophenoxy)phenyl]sulfone.

These aromatic diamine compounds are usually used with
amount of less than 30% by weight per the essential aro-
atic diamine compound, preferably less than 5% by
welight.

Tetracarboxylic dianhydride which is another raw mate-
rial for preparing the polyimide used in the present invention
1s represented by the above formula (12).

In the tetracarboxylic dianhydride represented by the
formula (12), R is one or more tetravalent radicals selected
from the group consisting of from (a) to (e):

(a) an aliphatic radical having 4~9 carbon atoms,
(b) an alicyclic radical having 4~10 carbon atoms,
(c) a monoaromatic radical represented by the formula:

Q

(d) a condensed polyaromatic radical represented by the
formula: |
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NN NN
JQIQILL

(e) a noncondensed aromatic radical connected to each
other with a direct bond or a bridge member and
represented by the formula:

10H€X

wherein X is a direct bond, —0O—, —S—, —SO,—
—CH,—, —CO—

7

(|3H3 ?Fa
——(-Fmi -_(:I:_, —@-0“,
CHj Cl;
0 O _ -
| 1]
—C C— or

wherein Y, is direct bond, —O
_‘-CHz"""", _CO‘-,

, —S5—,

SO,—,

o
CHs CF3

Tetracarboxylic dianhydrides for preparing the polyimide
used in the present invention include, for example,

(D the tetracarboxylic dianhydride which R in the formula
(12) 1s an aliphatic radical;
ethylenetetracarboxylic dianhydride,
butanetetracarboxylic dianhydride,

(2) the tetracarboxylic dianhydride which R in the formula
(12) is an alicyclic radical;
cyclopentanetetracarboxylic dianhydride,

(3) the mono aromatic radical which R in the formula (12)
1s an alicyclic radical;
pyromellitic dianhydride,
1,2,3,4-benzenetetracarboxylic dianhydride,

(@ the condensed polyaromatic radical which R in the
formula (12) 1s an alicyclic radical;
2,3,6,7-naphthalenetetracarboxylic dianhydride,
1,4,5,8-naphthalenetetracarboxylic dianhydride,
1,2,5,6-naphthalenetetracarboxylic dianhydride,
3,4,9,10-perylenetetracarboxylic dianhydride,
2,3,6,7-anthracenetetracarboxylic dianhydride, and
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1,2,7,8-phenanthrenetetracarboxylic dianhydride.

(5) the tetracarboxylic dianhydride which R of the for-
mula (12) i1s the following formula;

©

and (1) wherein X, in the above formula is direct bond;
for example,
3,3',4,4-biphenyltetracarboxylic dianhydride,
2,2',3,3'-biphenyltetracarboxylic dianhydride;
(2) wherein X, in the above formula is ether radical, for
example, bis(3,4-dicarboxyphenyl)ether dianhydride;

(3) wherein X, in the above formula is thio radical, for
example, bis(3,4-dicarboxyphenyl)thioether dianhy-
dride;

(4) wherein X, in the above formula is an aliphatic radical
such as —CH,—, —C(CH;),— and —C(CF;),—, for
example,

bis(2,3-dicarboxyphenyl)methane dianhydride,

bis(3,4-dicarboxyphenyl)methane dianhydride,

1,1-bis(2,3-dicarboxyphenyl)ethane dianhydride,

2,2-bis(3,4-dicarboxyphenyl)propane dianhydride,

2,2-bis(2,3-dicarboxyphenyl)propane dianhydride,

2,2-bis(3,4-dicarboxyphenyl)-1,1,1,3,3,3-hexafluoropro-
pane dianhydride,

2,2-bis(2,3-dicarboxyphenyl)- 1 1,1,3,3,3-hexafluoropro-
pane dianhydride;

(5) wherein X, of the above formula is a sulfonyl radical,

for example,
bis(3,4-dicarboxyphenyl)sulfone dianhydride;

(6) wherein X, of the above formula is a carbonyl radical,
for example,
3,3',4,4-benzophenonetetracarboxylic dianhydride,
2,2',3,3'-benzophenonetetracarboxylic dianhydride;

(7) wherein X, of the above formula 1s another radical, for
example,

1,3-bis(3,4-dicartboxyphenoxy)benzene dianhydride,
1,4-bis(3,4-dicarboxyphenoxy)benzene dianhydride,
1,3-bis(3,4-dicarboxybenzoyl)benzene dianhydride,
1,4-bis(3,4-dicarboxybenzoyl)benzene dianhydnde,
2,2-bis{4-[4-(1,2-dicarboxy)phenoxy|phenyl)propane dian-

hydride,
2,2-bis{4-[3-(1,2-dicarboxy)phenoxy]phenyl)propane dlan-

hydride,

bis{4-[4-(1,2-dicarboxy)phenoxy]phenyl)ketone  dianhy-
dride,
bis{4-[3-(1,2-dicarboxy)phenoxy]phenyl)ketone  dianhy-

dride,
4.,4'-bis[4-(1 2-—dlcarboxy)phenoxy]blphenyl dianhydride,

4.,4'-bis[3-(1,2-dicarboxy)phenoxy jbiphenyl dianhydride,

bis{é.l- [4-(1,2-dicarboxy)phenoxy Jphenyl }sulfone dianhy-
bi sﬁ?[e'_’:-(l ,2-dicarboxy)phenoxy jphenyl}sulfone dianhy-
bisﬁ?[aéi-(1,2—dicarbﬁxy)phenoxy]phenyl}sulﬁde dianhy-
bisﬁ?l%-(l,2—dicarb0xy)phenoxy]phenyl}sulﬁde dianhy-

dride,

~ 2,2-bis{4-[4-(1,2-dicarboxy)phenoxy]phenyl}-1,1,1,2,2,2-
hexafluoropropane dianhydride, and

2,2-bis {4-[3-(1,2-dicarboxy)phenoxy]phenyl}-1,1,1,2,2,2-
hexafluoropropane dianhydride.
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These tetracarboxylic dianhydrides may be used either
singly or in combination of two or more.

The capped polyimide having at the polymer chain end an
aromatic ring which is unsubstituted or substituted with a
radical ‘having no reactivity with amine or dicarboxylic
anhydride, or the polyimide containing the end-capped
polyimide, also may be used in the polytmide based resin
composition of the present mvention.

The end-capped polyimide can be prepared by reacting
the above diamine compound with the above tetracarboxylic
dianhydride in the presence of aromatic dicarboxylic anhy-
dride of the formula (4):

O (4)
|

C
/7 N\
Z 0
N\ /7
C
!
0

wherein Z is a divalent radical having 6~15 carbon atoms
and being selected from the group consisting of a monoaro-
matic radical, condensed polyaromatic radical and noncon-
densed aromatic radical connected to each other with a
direct bond or a bridge member, and/or aromatic monoamine
represented by the formula (5):

V—NH, (5)

wherein V is a monovalent radical having 6~15 carbon
atoms and being selected from the group consisting of a
monoaromatic radical, condensed polyaromatic radical and
noncondensed aromatic radical connected to each other with
a direct bond or a bridge member.

Exemplary aromatic dicarboxylic anhydrides of the for-
mula (4) include phthalic anhydride, 2,3-benzophenonedi-
carboxylic anhydride, 3,4-benzophenonedicarboxylic anhy-
dride, 2,3-dicarboxyphenyl phenyl ether anhydride, 3.4-
dicarboxyphenyl = phenyl ether anhydride, 2,3-
biphenyldicarboxylic anhydride, 3,4-biphenyldicarboxylic
anhydride, 2,3-dicarboxyphenyl phenyl sulfone anhydrde,
3,4-dicarboxyphenyl phenyl sulfone anhydride, 2,3-dicar-
boxyphenyl phenyl sulfide anhydnde, 3,4-dicarboxyphenyl
phenyl sulfide anhydride, 1,2-naphthalenedicarboxylic
anhydride, 2,3-naphthalenedicarboxylic anhydride, 1,8-
naphthalenedicarboxylic anhydride, 1,2-anthracenedicar-
boxylic anhydnde, 2,3-anthracenedicarboxylic anhydride
and 1,9-anthracenedicarboxylic anhydride. These aromatic
dicarboxylic anhydrides can be substituted with a radical
having no reactivity with amine and dicarboxylic anhydride
and may be used singly or as a mixture.

Phthalic anhydride 1s most preferred in view of properties
and ufility of polyimide obtained.

The amount of aromatic dicarboxylic anhydride used is
0.001~1.0 mol per mol of the above aromatic diamine
represented by the formula (2-1) or (3-1). An amount less
than 0.001 mol leads to viscosity increase in processing at
high temperatures and causes deterioration of processability.
On the other hand, an amount exceeding 1.0 mol resulfs in
lowered mechanical properties. Preferred amount is in the
range of 0.01 to 0.5 mol.

Aromatic monoamines of the formula (5) include, for
example, aniline, o-toluidine, m-toluidine, p-toluidine, 2,3-

xylidine, 2,6-xylidine, 3,4-xylidine, 3,5-xylidine, o-chloroa-

niline, m-chloroaniline, p-chloroaniline, o-bromoaniline,
m-bromoaniline, p-bromoaniline, o-nitroaniline, m-nitroa-
niline, p-nitroaniline, o©o-aminophenol, m-aminophenol,
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p-aminophenol, o-anisidine, m-anisidine, p-anisidine,
o-phenetidine, m-phenetidine, p-phenetidine, o-aminoben-
zaldehyde, m-aminobenzaldehyde, p-aminobenzaldehyde,
o-aminobenzonitrile, m-aminobenzonitrile, p-aminoben-
zonitrile, 2-aminobiphenyl, 3-aminobiphenyl, 4-aminobi-
phenyl, 2-aminophenyl phenyl ether, 3-aminophenyl phenyl
ether, 4-aminophenyl phenyl ether, 2-aminobenzophenone,
3-aminobenzophenone, 4-aminobenzophenone, 2-ami-
nophenyl phenyl sulfide, 3-aminophenyl phenyl sulfide,
4-aminophenyl phenyl sulfide, 2-aminophenyl phenyl sul-
fone, 3-aminophenyl phenyl sulfone, 4-aminophenyl phenyl
sulfone, o-naphthylamine, B-naphthylamine, 1-amino-2-
naphthol, 2-amino-1-naphthol, 4-amino-1-naphthol,
5-amino-2-naphthol, 7-amino-2-naphthol, 8-amino-1-naph-
thol, 8-amino-2-naphthol, 1-aminoanthracene, 2-aminoan-
thracene, and 9-aminoanthracene. These aromatic monoam-
ines can be substituted with a radical having no reactivity
with amine or dicarboxylic anhydride, and can be used
singly or as a mixture. Aniline is most preferably used in
view of properties and utility of polyimide obtained.

The amount of aromatic monoamine is 0.001~1.0 mol per
mol of the aromatic tetracarboxylic dianhydride represented
by the above formula (12).

An amount less than 0.001 mol leads to a viscosity
increase in processing at high temperatures and causes
deterioration of processability. On the other hand, an amount
exceeding 1.0 mol results in lowered mechanical properties.
Preferred amount is in the range of 0.01~0.5 mol.

Polyimide used in the present invention can be prepared
by any known process. For example, preparation is carried
out by the following processes.

(1) A process for preparing polyamic acid in an organic
solvent isolating the polyamic acid by removing the
solvent at a low temperature under reduced pressure or
by pouring the resulting polyamic acid solution into a
lean solvent, and imidizing the polyamic acid by heat-
ing to obtain polyimide.

(2) A process for preparing a polyamic acid solution by
the same procedures as (1), chemically imidizing
polyamic acid by addition of a dehydrating agent such
as acetic anhydride optionally in the presence of a
catalyst, successively isolating resultant polyimide by
known procedures and, if desired, washing and drying
the polyimide.

'(3) A process for preparing polyamic acid solvent by the
same procedures as (1) and succéssively conducting
solution removal and thermal imidization at the same
time by heating under reduced pressure.

(4) A process for mixing raw materials and solvents, and
simultaneously conducting preparation of aromatic
polyamic acid and imidization reaction thereof by
heating optionally in the presence of a catalyst, azeo-
tropic agent or dehydrating agent.

In the preparation of polyimide by these processes, it is
particularly preferred to carry out the reaction in organic
solvents.

Organic solvents which can be used include, for example,
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N,N-dimethylformamide, N,N-dimethylacetamide, N,N-di-
ethylacetamide, N,N-dimethylmethoxyacetamide, N-me-
thyl-2-pyrrolidone, 1,3-dimethyl-2-imidazolidinone, N-me-
thylcaprolactam, 1,2-dimethoxyethane, bis(2-
ethoxyethyl)ether, 1,2-bis(2-methoxyethoxy)ethane, bis
[2-(2-methoxyethoxy)ethyl]ether, tetrahydrofuran, 1,3-
dioxane, 1,4-dioxane, pyridine, picoline, dimethyl sulfoxide,
dimethyl sulfone, tetramethylurea, hexamethylphosphora-
mide, phenol, o-cresol, m-cresol, p-cresol, m-cresylic acid,
p-chlorophenol, xylenols and anisole. These solvents can be
used singly or as a mixture.

When polyimide is prepared in a solvent by using aro-
matic diamines, tetracarboxylic dianhydrides and dicar-
boxylic anhydrides or aromatic monoamines, these raw
materials are charged and reacted by the following methods.

(1) A method for reacting tetracarboxylic dianhydride
with aromatic diamine and successively adding dicar-
boxylic anhydride or aromatic monoamine to continue
the reaction. '

(2) A method for reacting aromatic diamine with dicar-
boxylic anhydride and successively adding tetracar-
boxylic dianhydride to continue the reaction. Alterna-
tively, a method for reacting tetracarboxylic
dianhydride with aromatic monoamine and succes-
sively adding aromatic diamine to continue the reac-
tion.

(3) A method for simultaneously charging tetracarboxylic
dianhydride aromatic diamine and dicarboxylic anhy-
dnde or aromatic monoamine to carry out the reaction.

Any of the above methods can be employed for progress-
ing the reaction.

In these methods, the reaction temperature for polymer-
ization and imidization is 300° C. or less. No particular
limitation is imposed upon the reaction pressure, and the
reaction can be sufficiently carried out under atmospheric
pressure. |

The reaction time differs depending upon diamine, tetra-
carboxylic dianhydride, solvent, catalyst and reaction tem-
perature. The reaction time of 4~24 hours is usually suffi-
cient. -

Polyimide having recurring structural units represented
by the formula (1) used in the present invention usually has
an 1nherent viscosity of 0.35~1.0 dl/g, preferably 0.40~0.95

dl/g, more preferably 0.4~0.9 dl/g. When the inherent vis-

cosity 1s less than 0.35 di/g, mechanical strengths and
durability of polyimide itself are insufficient. On the other
hand, an inherent viscosity exceeding 1.0 dl/g, injection
molding 1s very difficult because of poor processability.
Inherent viscosity was measured at 35° C. after heat-dis-
solving polyimide in a solvent mixture composed of 9 parts
by weight of p-chlorophenol and 1 part by weight of phenol
at a concentration of 0.5 g/100 ml.

Polyarylether ketone used. in the polyimide based resin
composition of the present invention includes a pol-
yarylether ketone which comprises at least one selected from
the group consisting of structural units represented by the
formulae of from (6) to (10):

(6)



5,473,010

-continued

: @w

That is, the polyarylether ketone may be a homopolymer
having one of structural unit selected from formulae
(6)~(10), or may be a copolymer having two or more of
structural units selected from formulae (6)~(10), or may be
mixture comprising these homopolymers and/or copoly-
mers.

The composition for polyarylether ketone and polyimide
in the polyimide based resin composition comprises 50 to 1
parts by weight of polyarylether ketone and 50 to 99 parts by
weight of polyimide having recurring structural units rep-
resented by the formula (1).

In the case of the composition comprising the polyimide
having recurri-structural units of the formula (2), especially,
the composition comprises 50 to 5 parts by weight of
polyarylether ketone and 50 to 95 parts by weight of the
polyimide. |

When the amount of the polyarylether ketone exceeds 50
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parts by weight, it is undesirable because of it’s poor heat -

resistance, on thé other hand, when the amount is less than
5 parts by weight, the effect for improving permanence
properties 18 insuflicient.

In the case of the composition comprising the polyimide
having recurring structural units represented by the formula
(3), the composition preferably comprises 50 to 1 parts by
weight of polyarylether ketone and 50 to 99 parts by weight
of the polyimide.

40
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(7)

(8)

(9)

CC CO—

(10)

In this composition, an amount exceeding 50 parts by
weight of the polyarylether ketone also tends to lower heat
resistance of the polyimide, and an amount less than 1 parts
by weight is insufficient to improve permanence properties.

Polyetherimide used in the polyimide based resin com-
position of the present invention has a recurring structural
units represented by the following formula: '

O . 0
] |
C C
7N\ N
—~N D--0—Ar;—0-D N-~E~-
N/ N /S
C C
| I
0 0

wherein D is a trifunctional aromatic group where two
functional groups out of three are connected with adjacent
carbon atoms, both E and Ar, are residue of divalent
aromatic group. | | |

The polyetherimide is a polymer consisting of ether and
imide linkages as a required bonding unit and is substan-
tially composed of recurring units which are represented by
the above formula. Exemplary structural units of the poly-
etherimide are as follows;

| 0
(|3H3 [

C "\
(.!1H O /N
3 \C

1
0
0
|
C
A=A Oy 1T
O »
/
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18

O
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0
and E in these formula is residue of divalent aromatic group

HOrOr
O
O
Or
8>

Especially, the polyetheri
(11)

©

ide represented by the formulz;

is preferably used in the present invention.

The polyetherimide 1s commercially available from Gen-
eral Electric Co. with the Trade Mark of ULTEM-1000.

An amount of polyetherimide in the polyimide based resin
composition is 1 to 50 parts by weight for 100 parts by
weight of a resin composition comprising 50 to 99 parts by
weight of polyimide used in the present invention, that is, the
polyimide represented by the formula (1), (2) or (3), and 50
to 1 parts by weight of polyarylether ketone, preferably 5 to
25 parts by weight, more preferably 10 to 20 parts by weight.

When an amount of polyetherimide exceeds 50 parts by
weight, permanence properties of the composition
decreases. On the other hand, an amount less than 1 part by
weight does not lead to an outstandingly improving effect for
permanence properties of the composition.

15

20

25

30

335

O
CHa; {
C I
/ — C \
< 1O ' N
\ CHj /

35

60

65

A satisfactory effect for improving permanence properties
could not been obtained even though polyarylether ketone
was added to polyimide having recurring structural units of
the formula (1) and alloying the mixture. However, surpris-
ingly, further addition of polyetherimide to the above resin
mixture can remarkably improve the permanence properties
of the resin mixture.

It 1s thought on the effect that polyimide and polyarylether
ketone alone cannot provide sufficient compatibility
whereas added polyetherimide acts as a compatibility
enhancing agent between polyimide and polyarylether
ketone, makes these components mutually soluble and
improves durability of the polyimide based resin composi-
tion.

The polyimide based resin composition has also achieved
a marked improvement on high temperature durability in
addition to the improvement of permanence properties at
room temperature. Thus good durability can also be main-
tained at high temperature.

No particular restriction is imposed upon the preparation
process of the polyimide based resin composition. Any
process can be applied as long as the process ¢an provide the
composition by mixing the above requisite components.

Usually, the following processes are often used.

(D A process for melt-extruding and pelletizing after
mixing and pulverizing polyimide, polyarylether
ketone and polyetherimmde with a mortar, Henschel
mixer, drum blender, tumbling blender, ball mill and

(11)

»

Q=0

ribbon blender.

(2) A process for dissolving or uniformly dispersing
polyimide, polyarylether ketone and polyetherimide in
an organic solvent and successively removing the sol-
vent to obtain a powder or film.

(3) A process for adding polyarylether ketone and poly-
etherimide to an organic solvent solution of polyamic
acid precursor of the polyimide, uniformly dissolving
or dispersing the mixture, thermally imidizing
polyamic acid by heating to 100°~400° C. or chemi-
cally imidizing polyamic acid by using a common
imidizing agent, and removing the solvent to obtain a
powder or film.

In addition, the present resin composition can exhibit

outstandingly improved mechanical strength, especially per-

manence properties, by heat treating the composition at the
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specified temperature.

The temperature for the heat-treatment is the range of
from 150° to 370° C., preferably from 160° to 330° C., more
preferably from 160° to 320° C.

Times for heat treatment varies depending upon treating
temperature, usually, the time is at least 4 hours in the above
temperature range.

Further, the polyimide based resin composition of the
present invention includes another polyimide based resin

composition reinforced by a fibrous reinforcement, which 1s

comprised of the polyimide, the polyarylether ketone, the
polyetherimide and a fibrous reinforcement.

Exemplary fibrous reinforcements which can be used in
this composition include glass fibers, ceramic fibers, potas-
sium titanate fibers, aromatic polyamide fibers, metal fibers,
boron fibers, silicon carbide fibers, asbestos fibers, rock
- fibers and carbon fibers, preferably, glass fibers, aromatic
polyamide fibers, potassium titanate fibers and carbon fibers.

The amount of the fibrous reinforcements used in the
polyimide based resin composition is 5~65 parts by weight
for 100 parts by weight of the above resin composition
comprised of the polyimide, the polyarylether ketone and
the polyetherimide, preferably 10~60 parts by weight. Thus,
the polyimide based resin composition having excellent
fatigue characteristics can be obtained by adding the fibrous
reinforcements in the amount of the above range to the
above resin composition.

In the polyimide based resin composition, further, one or
more additives can be added, if desired.

Exemplary additives which can be used include, fillers
such as calcium carbonate, mica, glass beads, graphite,
molybdenum disulfide, clay, silica, alumina, talc, diatoma-
ceous earth, hydration alumina and shirasu balloons; lubri-
cants; release agents; stabilizers; colorants; crystalline
nucleating agents; plasticizer; other noncrystalline resins
such as polyether sulfone, polyether imide, polysulfone and
polycarbonate; other crystalline resins such as polyphe-
nylene sulfide, polyether nitrile, polyamide and polyamide-
imide, and thermosetting resins such as epoxy resin, silicone
resin and polyamide imide resin.

The polyimide based resin composition of the present
invention can provide various forms of articles, which have
good resistance to fatigue and creep, by changing the mold

for injection molding.

The articles by injection molding can be applied of the
field in parts such as machine parts and automobile parts,
wherein the noted characteristics are required.

The present invention will hereinafter be illustrated in
detail by way of examples and comparative examples.

The properties of the composition obtained in each
example and comparative example were tested by the fol-
lowing, methods. |
1) Fatigue test:

Tensile fatigue tests were carried out as follows by using
ASTM No.1 Dumbbell specimens obtained in the examples
and comparative examples.

(1) The number of repetitions until the specimen was
broken was measured under the conditions; 5 Hz, stress
amplitude 5.5 kg/mm?, stress ratio=0, at room tempera-
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ture.

(2) The number repetitions until the specimen was broken
was measured under the conditions; 30 Hz, stress
amplitude 12kg/mm?, stress ratio=0, at room tempera-
ture.

2) High temperature fatigue test;

Tensile fatigue tests at a high temperature were carried out
as follows by using ASTM No.l1 Dumbbell specimens
obtained in the examples and comparative examples.

(1) The number of repetitions until the specimen was
broken was measured under the conditions: 5 Hz, stress
amplitude 3.0 kg/mm?, stress ratio=0, at 140° C.

(2) The number of repetitions until the specimen was
broken was measured under the conditions; 30 Hz,
stress amplitude 8 kg/mm?, stress ratio=0, at 140° C.

(3) The number of repetitions until the specimen was
broken was measured under the conditions; 30Hz,
stress amplitude 10 kg/mm?, stress ratio=0, at 140° C.

3) Tensile Strength:

Measured in accordance with ASTM D-638.
4) Creep strength at break(kg/mm?):

In the creep test, the stress which caused the first break at
1500 hours was measured.

5) Creep strength at break{(%):

The ratio of tensile strength in the above 3) to the above
creep strength at break was calculated. -
6) Heat distortion temperature (HDT):

Measured in accordance with ASTM D-648.

7) Tensile strength at 150° C. (kg/mm®):

Measured in accordance with ASTM D-638.

The polyarylether ketones used in the examples and
comparative examples have individually the following
structural units. |
1) PEEK (PEEK 450 P; Trade Mark of Imperial Chemicals
Industries Ltd.)

©0-0-0~

2) PEKEKK (ULTRA PEK A-1000; Trade Mark of
B.AS.E)

OOy DOy {O)

3) PEK (PEK 220; Trade Mark of Imperial Chemicals
Industries Ltd.)

@com

Example 1

For 90 parts by weight of polyimide which was prepared
from 4,4'-bis(3-aminophenoxy)biphenyl and pyromellitic
dianhydride and had an inherent viscosity of 0.50 dl/g and
10 parts by weight of polyarylether ketone (PEEK 450 P;
Trade Mark of I.C.I. Ltd.), 5 parts by weight of polyether-



5,473,010

21

imide (ULTEM 1000; Trade Mark of General Electric Co.)

was dry blended with a mixer, successively extruded
through a twin screw extruder at 370°~400° C. and cut into
pellets. The pellets thus obtained were injection molded at

22

sitions illustrated in examples 11 and 12 in Table 1 and
PEKEKK (ULTRA PEK A 1000; Trade Mark of B.A.S.F.) as
polyarylether ketone ketone, were used.

cyhinder temperature of 370°~410° C., injection pressure of 5 Various properties were measured by these spe,cimerjs_
2 o)
200 }cg/ cm” and mold temperature of 160° C. to form test Test items, test methods and results are illustrated in Table
specimens. |
Various properties were measured by these specimens. '
Test 1tems, test methods and results are illustrated in Table
1. 10
Example 13
Examples 2~10
] . IMmens were pr carryin
Test specimens were prepared by carrying out the same lest specimens -e © p epared by g out the same
procedures as described in Example 1 except that compo- s procedures as described in Example 1 except that compo-
sitions 1llustrated in examples 2~10 in Table 1 were used. sitions illustrated in example 13 in Table 1 and PEK (PEK
Various properties were measured by these specimens.  .220; Trade Mark of I.C.L Ltd.) as polyarylether ketone, were
Test items, test methods and results are illustrated in Table 1sed
1. '
20  Various properties were measured by these specimens.
Examples 11 and 12 Test items, test methods and results are illustrated in Table
Test specimens were prepared by carrying out the same 1
procedures as described in Example 1 except that compo-
TABLE 1
Example 1 Example 2  Example 3 Examplé 4 Example 5 Example 6 Example 7
Composition
(parts by weight)
Polyimide 90 80 70 60 60 60 60
Polyarylether- 10 20 30 40 40 40 40
ketone
Polyetherimide 5 15 15 2 5 15 25
Carbon fiber — —_— — — — —_ —
Fatigue test** 1.1 x 10° 1.1 x10° 1.3 x 10° 0.7 x 10° 1.2 x 10° 1.5 x 10° 1.3 x 10°
(5.5 kg/mm?)*? | |
High temperature 7.5 x 10° 8.0 x 10* 8.8x10* 0.6 x10° 1.5 x 10° 9.0 x 10° 8.5 x 10*
fatigue test*!
(3.0 kg/mm?)*2
Tensile strength 11.5 11.6 11.1 11.4 11.4 11.5 11.3
(kg/mm?)
Creep strength at 8.5 8.9 9.1 8.6 8.9 9.2 9.9
break (kg/mm?)
Creep strength at 74 77 82 75 78 80 88
break (%)
HDT (°C.)*° 220 216 213 216 214 210 210
Kind of polyaryl- PEEK 450 P — & <« & — «—
ether ketone :
Example 8 Example 9  Example 10 Example 11 Example 12 Example 13
Composition
(parts by weight) o
Polyimide 60 80 60 80 60 70
Polyarylether- 40 20 40 20 40 30
ketone
Polyetherimide 43 25 25 15 15 10
Carbon fiber — — — S — —
Fatigue test*! 07 x10° 1.0 x 10° 13 x 10° 5.0 x 10° 6.2 x 10° 8.0 x 10°
(5.5 kg/mm?)*2
High temperature 7.2 x 10° 7.6 x 10° 83x10* 11.0x10* 235x10* 403 x10*
fatigue test*’
(3.0 kg/mm?)*?
Tensile strength 10.6 11.8 10.7 0.8 0.8 10.2
(kg/mm?)
Creep strength at 8.5 8.9 9.2 9.0 9.0 9.0
- break (kg/mm?)
Creep strength at 80 75 36 92 92 88
break (%)
HDT (°C.)** 208 212 208 226 220 219
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TABLE 1-continued
Kind of polyaryl- - PEEK 450 P —
ether ketone
note)
*'Number of repetition until the specimen was broken.
*2Stress

*3HDT—Heat distortion temperature

Comparative Example 1

Test specimens were prepared by carrying out the same
procedures as described in Example 1 except that compo-
sitions illustrated in comparative example 1 in Table 2 were
used.

15

Various properties were measured by these specimens.

Test items, test methods and results are 1llustrated in Table
2.

Comparative Example 2

20

Test specimens were prepared by carrying out the same

procedures as described in Example 1 except that compo-
sitions 1llustrated in comparative example 2 in Table 2 and
PEEK (PEEK 450 P; Trade Mark of I.C.ILLtd.) as pol-

. yarylether ketone, were used.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
2.

Comparative Example 3

Test specimens were prepared by carrying out the same
procedures as described in Example 1 except that compo-
sitions illustrated in comparative example 3 in Table 2 and
PEKEKK (ULTRA PEK A 1000; Trade Mark of B.A.S.F.) as

polyarylether ketone, were used.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
2.

Comparative Example 4

Test specimens were prepared by carrying dut the same
procedures as described in Example 1 except that compo-

sitions 1llustrated in comparative example 4 in Table 2 and
PEK (PEK 220; Trade Mark of I.C.I. Ltd.) as polyarylether
ketone, were used.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
2.

Comparative Examplé 5

Test specimens were prepared by carrying out the same
procedures as described in Example 1 except that compo-
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PEKEKK
A-1000

— PEK220

sitions illustrated in comparative example 5 in Table 2 and
PEEK (PEEK 450 P; Trade Mark of 1.C.I. Ltd.) as pol-
yarylether ketone, were used.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
2.

Comparative Example 6

Test specimens were prepared by carrying out the same
procedures as described in Example 1 except that compo-
sitions illustrated in comparative example 6 in Table 2 and
PEKEKK (ULTRA PEK A 1000; Trade Mark of B.A.5.F.) as

polyarylether ketone, were used.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
2.

Comparative Example 7

Test specimens were prepared by carrying out the same
procedures as described in Example 1 except that compo-
sitions illustrated in comparative éxample 7 in Table 2 and
PEEK (PEEK 450 P; Trade Mark of I.C.I. Ltd.) as pol-

yarylether ketone, were used.

Various properties were measured by these specimens.

Test 1items, test methods and results are illustrated in Table
2.

Comparative Example 8

Test specimens were prepared by carrying mit the same
procedures as described in Example 1 except that PEEK
(PEEK 450 P; Trade Mark of 1.C.I. Ltd.) as polyarylether

ketone, were used.

Various properties were measured by these specimens.
Test items, test methods and results are illustrated in Table
2.

TABLE 2
Compara. Compara. Compara. Compara. Compara. Compara. Compara. - Compara.
example 1 example 2 example 3  example 4 example 5 exampie 6 example 7 example &
Composition
(parts by weight)
Polyimide 100 60 60 70 60 60 30 —
Polyarylether- — 40 40 30 40 40 70 100
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TABLE 2-continued

Compara. Compara. Compara. Compara. Compara. Compara, Compara. Compara.

example 1 example 2 example 3  example 4 example 5 example 6 example 7 example 8
ketone
Polyetherimide 70 80 15
Carbon fiber e — — — — — — —
Fatigue test*’ 0.2 x 10° 05%x10° 0.8 x 10° 0.9 x 10° 0.2 x 10° 0.4 x 10° 9.0 x 10° 1.0 x 10’
(5.5 kg/mm®>)*? unbroken
High temperature 1.0 x 10¢ 0.5 x 10* 4.7 x 10* 3.2 x 10° 0.5 x 10° 2.3 x 10* 0.2 x 10° 0.1 x 10?
fatigue test*! -
(3.0 kg/mm?*)** |
Tensile strength 8.8 10.2 9.9 10.0 10.2 10.3 10.0 10.6
(kg/mm?)
Creep strength at 5.9 7.3 7.4 7.5 7.8 8.0 8.8 94
break (kg/mm?)
Creep strength at 67 72 75 75 76 78 88 89
break (%) '
HDT (°C.)* 220 216 213 210 212 208 170 158
Kind of polyaryl- — PEEK 450 P PEKEKK PEK 220 PEEK 450 P PEKEKK PEEK 450 P ¢
ether ketone | A-1000 A-1000
note)
*Number of repetition until the specimen was broken.
*2Stress
**HDT—Heat distortion temperature

Example 14 25 composition and carbon fiber illustrated in examples 15~18

For 60 parts by weight of polyimide which was prepared
from 4,4-bis(3-aminophenoxy)biphenyl and pyromellitic
dianhydride and had an inherent viscosity of 0.50 dl/g and
40 parts by weight of polyarylether ketone (PEEK 450 P;
Trade Mark of 1.C.1. 1.td.), 5 parts by weight of polyether-
imide (ULTEM 1000; Trade Mark of G.E. Co.) was dry
blended with a mixer, successively extruded through a twin
screw extruder at 370°~420° C. While charging from a side
feeder 43 parts by weight of carbon fiber for 100 parts by
weight of the resin composition and cut into pellets. The
pellets thus obtained were injection molded at cylinder
temperature of 370°~410° C., injection pressure of 2300

kg/cm® and mold temperature of 160° C. to form test
specimens.

Vanious properties were measured by these specimens.
Test items, test methods and results are illustrated in Table
3.

Examples 15~18

Test specimens were prepared by carrying out the same
procedures as described in Example 14 except that resin
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in Table 3, were used.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
3.

Comparative Examples 9 and 10

Test specimens were prepared by carrying out the same
procedures as described in Example 14 except that resin and
carbon fiber 1illustrated in comparative examples 9 and 10 in
Table 3, were used.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
3.

TABLE 3
Compara. Compara.

Example 14  Example 15 Example 16 Example 17 Example 18 example 9 example 10
Composition
(parts by weight)
Polyimide 60 60 60 80 60 100 —
Polyarylether- 40 40 40 20 40 — 100
ketone
Polyether imide 5 15 25 15 15 — —
Carbon fiber** 43 43 43 43 43 43 43
Fatigue test*! 0.9 x 10° 1.0 x 10° 1.5 x 108 1.0x10° 30x10° 1.0 x 10° 1.0 x 107
(12 kg/mm?®)** unbroken
High temperature 3.0 x 10° 45x10° 41x10° 20x 108 80x10° 0.1 x10° 0.05 x 10°
fatigue test*! -
(10 kg/mm?*)*>
Tensile strength 25.5 26.0 25.9 26.5 27.1 24.1 26.0
(kg/mm®)
Creep strength at 19.4 20.8 20.5 20.0 21.5 16.6 23.1

break (kg/mm?)
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TABLE 3-continued

. Compara. Compara.

Example 14  Example 15 Example 16 Example 17 Example 18 example 9 example 10
Creep strength at 76 &0 79 75 79 69 89
break (%) |
Tensile strength at 13.9 14.1 14.1 14.1 13.6 15.0 11.5
150° C. (kg/mm?)
Kind of polyaryl- PEEK 450 P — «— < — —— PEEK 450 P
ether ketone
note)
*INumber of repetitions until the specimen was broken.
*2Stress -

*>HDT—Heat distortion temperature
*4Parts by weight for 100 parts by weight of resin composition

Example 19 Examples 20~23

For 60 parts by weight of polyimide which was prepared
from 4,4'-bis(3-aminophenoxy)biphenyl and pyromellitic

Test specimens were prepared by carrying out the same

dianhydride and had an inherent viscosity of 0.50 dl/g and 20 procedures as described in Example 19 except that carbon

40 parts by weight of polyarylether ketone (PEEK 450 P;
Trade Mark of 1.C.I. Ltd.), 15 paris by weight of polyether-
imide (ULTEM 1000: Trade Mark of G.E. Co.) was dry
blended with a mixer, successively extruded through a twin

screw extruder at 370°~420° C. while charging from a side 4.,

fiber illustrated in examples 20~23 in Table 4, were used.

Various properties were measured by these specimens.
Test items, test methods and results are illustrated in Table

60
40

15
83
Poor
flowability

TABLE 4
Example 19 Example 20 Example 21 Example 22 Exampie 23
Composition
(parts by weight)
Polyimide 60 60 60
Polyarylether- 40 40 40
ketone
Polyether 1mide 15 15 13
Carbon fiber** 5 43 65 _—
Fatigue test*? 8.0 x 10° 1.0 x 10° 1.0 x 107 broke in
(12 keg/mm?)*2 unbroken early
stage
of test
High temperature 1.0 x 10° 1.0 x 107 1.0 x 107 broke in
fatigue test** unbroken  unbroken early
(8 kg/mm?)*? stage
of test
Tensile strength 15.0 26.0 29.0 11.5
(kg/mm?)
Creep strength at 12.0 20.8 23.2 9.2
break (kg/mm?)
Creep strength at 80 80 80 80
break (%)
Tensile strength at 8.3 14.1 15.3 6.2
150° C. (kg/mm?)
Kind of polyaryl- PEEK 450 P - - «—
ether ketone
note)

*INumber of repetitions until the specimen was broken.

*¥2Stress

*>HDT—Heat distortion temperature
**Parts by weight for 100 parts by weight of resin composition

feeder 5 parts by weight of carbon fiber for 100 parts by
weight of the resin composition and cut into peliets. The
pellets thus obtained were injection molded at cylinder 90
temperature of 370°~410° C., injection pressure of 2300
ke/cm® and mold temperature of 160° C. to form test
specimens.

Example 24

For 80 parts by weight of polyimide which was prepared
from 1,3-bis(3-aminophenoxy)benzene and pyromellitic
dianhydride in the presence of phthalic anhydride as end-
capping agent and had an inherent viscosity of 0.65 dl/g and
20 parts by weight of polyarylether ketone (PEEK 450 P;

Various properties were measured by these specimens. ¢5 Trade Mark of I.C.I. Ltd.), 5 parts by weight of polyether-

Test items, test methods and results are illustrated in Table

imide (ULTEM 1000; Trade Mark of G.E. Co.) was dry

4, blended with a mixer, successively extruded through a twin
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screw extruder at 370°~400° C. and cut into pellets. The
pellets thus obtained were injection molded at cylinder
temperature of 370°~410° C., injection pressure of 900
kg/cm® and mold temperature of 160° C. to form test

30
Example 35

‘Test specimens obtained in Example 34 were heat-treated
for 4 hours at 220° C.

specimens. 5 Va.ﬁous properties were measured b}{ these spe.cimens.
Various properties were measured by these specimens. ';‘est items, test methods and results are illustrated in Table
Test items, test methods and results are illustrated in Table ‘
J.
Example 36
Examples 25~32 10
_ | _ For 60 parts by weight of polyimide which was prepared
lest specimens were prepared by carrying out the same  from 1,3-bis(3-aminophenoxy)benzene and pyromellitic
procedures as described in Example 24 except that compo-  dianhydride in the presence of aniline as end-capping agent
sitions illustrated in comparative example 25~32 in Table 5, and had an inherent viscosity of 0.65 dl/g and 40 parts by
were used. 15 weight of polyarylether ketone (PEKEKK) (ULTAR PEK
Various properties were measured by these specimens. A-1000; Trade Mark of B.A.S.E.), 10 parts by weight of
Test items, test methods and results are illustrated in Table polyetherimide (ULTEM 1000: Trade Mark of G.E. Co.)
3. was dry blended with a mixer, successively extruded
TABLE 5

Example 24 [Example 25 Example 26 Example 27 Example 28 Example 29 Example 30 Example 31 Example 32

Composition
(parts by weight)

Polyimide 80 &80 80 60
Polyarylether- 20 20 20 40
ketone
Polyetherimide 5 10 25 2
Carbon fiber — — — —
Fatigue test*! 48x10° 50x10° 46x10° 50x10°
(5.5 kg/mm?*)*?
High temperature 1.0 x 10° 23 x 10° 1.6 x 10° 0.5 x 10°
fatigue test*? | |
(3.0 kg/mm?)**
Tensile strength 11.8 11.9 11.7 11.8
(kg/mm?)
Creep strength at 9.4 0.5 9.9 9.4
break (kg/mm?) -.
Creep strength at &0 80 85 80
break (%) |
HDT (°C.) 223 220 220 218
Heat treatment non treated — — &«
Kind of polyaryl- PEEK «— «— —
ether ketone 450 P
note)
*INumber of repetitions until the specimen was broken.
*2Stress
*>HDT—Heat distortion temperature

Example 33

Test specimens were prepared by carrying out the same
procedures as described in Example 24 except that compo-
sition illustrated in example 33 in Table 6 and PEKEKK

(ULTRA PEK A 1000; Trade Mark of B.A.S.F.) as pol-
yarylether ketone, were used.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
6.

Example 34

Test specimens were prepared by carrying out the same

procedures as described in Example 24 except that compo-

sition illustrated in example 33 in Table 6 and PEK (PEK
220; Trade Mark of 1.C.1. Ltd.) as polyarylether ketone, were

- used.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
6.

50

55

60

63

60 " 60 60 60 60
40 40 40 40 40
5 10 20 25 43
70 x10° 79 x 10° 0.8 x 10° 9.5 x 10° 52x%x10°
0.9 x 1¢° 2.6 X 10° 3.6 X 10° 42 x 10° 1.1 x 10°
12.0 12.2 12.6 12.6 12.3
0.8 10.2 11.0 11.2 . 10.5
82 84 87 89 85
216 214 214 215 213
¢~ € € — —
= < € — —

through a twice screw extruder at 370°~400° C. and cut in
to pellets. The pellets thus obtained were injection molded at
cylinder temperature of 370°~410° C., injection pressure of

900 kg/cm?* and mold temperature of 160° C. to form test
specimens.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
6.

Example 37

Test specimens obtained in Example 36 were heat-treated
for 4 hours at 220° C.

Various properties were measured by these specimens.

Test 1tems, test methods and results are illustrated in Table
6.
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12.0
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220

treated
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TABLE 6
Example 33  Example 34  Example 35 Example 36 Example 37
Composition
(parts by weight)
Polyimide 60 60 60 60
Polyarylether- 40 40 40 40
ketone
Polyetherimide 10 10 10 10
Carbon fiber — — — —_—
Fatigue test*® 600 x 10°  49.8x10° 88.9x10° 49.2x1¢°
(5.5 kg/mm?)*2
High temperature 8.0 x 10° 100x10° 603 x10° 6.7x10°
fatigue test*! |
(3.0 kg/mm?)*?
Tensile strength 11.5 11.3 13.1 11.2
(kg/mm?)
Creep strength at 10.4 10.1 12.2 10.0
break (kg/mm?)
Creep strength at 90 89 93 89
break (%)
HDT (°C.)** 220 219 220 219
Heat treatment non treated — treated non treated
Kind of polyaryl- PEKEKK PEK 220 — PEKEKK
ether ketone A-1000 A-1000
note)
*'Number of repetitions until the specimen was broken.
*2Stress

*3HDT—Heat distortion temperature

Comparative Example 11

lyarylether ketone, .

Polyimide which was prepared from 1,3-bis(3-aminophe- 309 50 yary .. ? one, are used d by thes :
noxy)benzene and pyromellitic dianhydnide in the presence arious properties were measured Dy these Specimen.
of phthalic anhydride as end capping agent and had an Test items, test methods and results are illustrated in Table
inherent viscosity of 0.65 dl/g extruded through a twin screw 1.
extruder at 370°~400° C. and cut into pellets. The pellets 35
thus obtained WErE-:: i.nje:ction molded at cylinder temperature Comparative Example 17
of 370°~410° C., injection pressure of 900 kg/cm? and mold o -
temperature of 160° C. to form test specimens. ' lest specimens were prepared by carrying out the same

Various properties were measured by these specimens. pt (?ced_llllres d> ((iie§cnbcdl - E?(ample 241 exic?e]_? L ?a{tﬂco;np 0('1
Test items, test methods and It ustrated in Tabl sition illustrated m comparative example 1/ 1n lable / an
765 FEHIS, TESL HHELIONS dU 1e5uiS b IHUSHatet 10 29VI® 40 pEK (PEK 220: Trade Mark of LC.L Ltd.) as polyarylether

' ketone, are used.
Comparative Examples 12~15 Various properties were measured by these specimens.
_ _ Test items, test methods and results are illustrated in Table

Test specimens were prepared by carrying out the same 7
procedures as described in Example 24 except that compo- 43
sition illustrated in comparative examples 12~15 in Table 7
and PEEK (PEEK 450 P; Trade Mark of 1.CI Ltd.) as Comparative Example 18
polyarylether ketone, are used. | Polyarylketone (PEEK 450 P: Trade mark: 1.C.L Ltd.)

Various properties were measured by these specimens. 5o extruded through a twice screw extruder at 370°~400° C.
Test items, test methods and results are illustrated in Table and cut into pellets. The pellets thus obtained were injection
7. molded at cylinder temperature of 360°~380° C., injection

c o 16 pressure of 900 kg/cm? and mold temperature of 160° C. to-
Ompardlive Bxatripic form test specimens.

Test specimens were prepared by carrying out the same s5  Various properties were measured by these specimens.
procedures as described in Example 24 except that compo- Test items, test methods and results are illustrated in Table
sition illustrated in comparative example 16 in Table 7 and 7.

TABLE 7
Comparative Compara. Compara. Compara. Compara, Compara. Compara. Compara.
example 11 example 12  example 13 gxmnple 14 example 15  example 16 - example 17 example 18

Composition

(parts by weight)

Polyimide 100 80 60 60 30 60 60 —

PEKEKK (ULTRA PEK A-1000; Trade Mark of B.A.S.F))
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For 60 parts by weight of polyimide which was prepared
from 1,3-bis(3-aminophenoxy)benzene and pyromellitic
dianhydride in the presence of phthalic anhydride as end-
capping agent and had an inherent viscosity of 0.65 dl/g and
40 parts by weight of polyarylether ketone (PEEK 450 P;
Trade Mark of 1.C.I.Ltd.), 5 parts by weight of polyether-
imide (ULTEM 1000; Trade Mark of G.E. Co.) was dry
blended with a mixer, successively extruded through a twin
screw extruder at 370°~420° C. While charging from a side
feeder 43 parts by weight of carbon fiber for 100 parts by
weight of the resin composition and cut into pellets. The
pellets thus obtained were injection molded at cylinder
temperature of 370°~410° C., injection pressure of 2300
kg/cm® and mold temperature of 160° C. to form test
speclmens.

Various properties were measured by these specimens.

Test 1tems, test methods and results are illustrated in Table
8.

Examples 39~40

Composition of examples 39~40 illustrated in Table 8 was
dryblended respectively and successively extruded through
a twin screw extruder at 370°~420° C. while charging from
a side feeder 43 parts by weight of carbon fiber for 100 parts
by weight of the resin composition and cut into pellets. The
pellets thus obtained were injection molded at cylinder
temperature of 370°~410° C., injection pressure of 2300
kg/cm” and mold temperature of 160° C. to form test
specimens.

Various properties were measured by these specimens.

Test 1tems, test methods and results are illustrated in Table
8.

Example 41

For 80 parts by weight of polyimide which was prepared
from 1,3-bis(3-aminophenoxy)benzene and pyromellitic
dianhydride in the presence of phthalic anhydride as end-

capping agent and had an inherent viscosity of 0.65 dl/g and

30

35

40

45

50

55

60

65

33 34
TABLE 7-continued

Comparative Compara. Compara. Compara. Compara. Compara. Compara. Compara.

example 11 example 12 example 13 example 14 example 15  example 16  example 17 example 18
Polyarylether- — 20 40 40 70 40 40 100
ketone
Polyetherimide —_ — — 80 10 — e —
Carbon fiber — — — — — — — —
Fatigue test*’ 0.7 x 10° 1.0 x 10° 20x10° 09x10° 99x10° 7.1 x 10° 8.0 x 10° 1.0 x 107
(5.5 kg/mm?)** unbroken
High temperature 3.0 x 10° 1.0 x 10* 0.5 x 10* 8.0 x 10° 0.2 x 10% 10.0 x 10° 12.0 x 10* 0.1 x 10*

~ fatigue test**
(3.0 kg/mm*)**
Tensile strength 0.2 10.1 10.7 10.7 10.2 10.9 10.8 10.6
(kg/mm?®)
Creep strength at 6.3 14 8.1 1.6 9.1 9.5 9.2 0.4
break (kg/mm®) - ’
Creep strength at 69 13 76 71 89 87 ‘ 85 89
break (%) |
HDT (°C.)** 220 222 215 209 178 218 217 158
Heat treatment non treated «— - — ¢ — L —
Kind of polyaryl- — PEEK 450 P — «— ¢ PEKEKK PEK 220 PEEK 450 P
ether ketone A-1000
note)
*'Number of repetitions until the specimen was broken.
*2Stress
*SHDT—Heat distortion temperature
25
Example 38 20 parts by weight of polyarylether ketone (PEEK 450 P;

Trade Mark of I.C.I. Ltd.), 15 parts by weight of polyether-
imude (ULTEM 1000: Trade Mark of G.E. Co.) was dry
blended with a mixer, successively extruded through a twin
screw extruder at 370°~420° C. while charging from a side
feeder 43 parts by weight of carbon fiber for 100 parts by
weight of the resin composition and cut into pellets. The
pellets thus obtained were injection molded at cylinder
temperature of 370°~410° C., injection pressure of 2300

kg/cm” and mold temperature of 160° C. to form test
specimens. '

The test specimens obtained above were heat-treated for
4 hours at 220° C. ' '

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
8.

Example 42

Test specimens were prepared by carrying out the same
procedures as described in Example 41 except that compo-
sition 1illustrated in example 42 in Table 8 and PEK (PEK
220; Trade Mark of I.C.I. Ltd.) as polyarylether ketone, are
used.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
8.

Example 43

Test specimens were prepared by carrying out the same
procedures as described in Example 41 except that compo-
sition illustrated in example 43 in Table 8 and PEKEKK

(ULTRA PEK A 1000; Trade Mark of B.A.S.F.) as pol-
yarylether ketone, are used.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
8.

Example 44

Test specimens obtained in Example 38 were heat-treated
for 4 hours at 220° C.
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Various properties were measured by these specimens.
Test items, test methods and results are illustrated in Table
3.
TABLE 8
Example 38  Example 39 Example 40 Example 41 Example 42  Example 43  Example 44

Composition

(parts by weight)

Polyimide 60 60 60 80 80 80 60

Polyarylether- 40 40 40 20 20 20 40

ketone |

Polyethenmide 5 15 25 15 15 15 15

Carbon fiber*? 43 43 43 43 43 43 43 |

Fatigue test*! 0.08 x 107 0.1 x 107 0.8 x 107 0.6 x 107 1.0 x 107 1.0 x 107 0.7 x 107

(12 kg/mm?*)*= unbroken ¢«

High temperature 9.0 x 10° 1.0x 107 1.0x107 1.0 x 107 1.0 x 107 1.0 x 107 1.0 x 107 *

fatigue test*!

(10 kg/mm?)*2 unbroken «— «— &« — —

Tensile strength 26.9 27.1 21.7 28.2 29.1 30.1 28.9

(kg/mm?)

Creep strength at 22.9 23.8 24.7 24.0 25.9 26.5 26.0

break (kg/mm®) |

Creep strength at 85 88 89 85 89 88 90

break (%)

Tensile strength at 13.3 13.8 14.3 14.5 15.1 15.2 14.1

150° C. (kg/mm®) "

Heat treatment non treated — ¢ treated — — —

Kind of polyaryl- PEEK 450 P — — — PEK 220 PEKEKK  PEEK 450 P

ether ketone A-1000

note)

*!'Number of repetitions until the specimen was broken.

*2Gtress |

**HDT—Heat distortion temperature

**Parts by weight for 100 parts by weight of resin composition

Comparative Example 19
. : . . 35 TABLE 9
Polyimide which was prepared from 1,3-bis(3-aminophe- '

noxy)benzene and pyromellitic dianhydride in the presence Cﬂmpﬂi‘ﬂul"ﬂ CﬂmPlﬂfﬂz-O C‘?"I?“Pl"ﬂ“az-1

of phthalic anhydride as end-capping agent and had an example 19 example Frampe

inherent viscosity of 0.65 dl/g- extrude:zl through a t':.vin SCIew Composition

extruder at 370°~420° C. while charging from a side feeder 4o (parts by weight)

43 parts by weight of carbon fiber for 100 parts by weight Polvimid 100 100

of the resin composition and cut into pellets. The pellets thus P;?fﬂ;her_ o - 100

obtained were injection molded at cylinder temperature of ketone

370°~410° C., injection pressure of 2300 kg/cm® and mold Polyetherimide — — —

temperature of 160° C. to form test specimens. Carbon fiber** 43 43 43

_ _ _ 4>  Fatigue test*! 4.0 x 10 4.0 x 10* 1.0 x 107

Vapous properties were measured by these specimens. (12 kg/mm?)*? unbroken
Test items, test methods and results are illustrated in Table High temperature 0.3 x 108 0.3 x 10° 0.05 x 10°

0 fatigue test*

(10 kg/mm?)**
Tensile strength 24.9 24.9 26.0
Comparative Example 20 50 (kg/mm?)
Creep strength at 17.2 17.2 23.1
Test specimens obtained in comparative example 19 were break (kg/mm?)
heat-treated for 4 hours at 220° C. g::lf fg‘;’ngm at 69 63 89
o
Various properties were measured by these specimens. Tensile strength at 15.3 15.3 11.5

Test items, test methods and results are illustrated in Table s5 150° C. (kg/mm?)

0 Heat treatment non treated treated non treated
Kind of polyaryl- — —_— PEEK 450 P
ether ketone

Comparative Example 21
| | note}
Polyarylether ketone (PEEK 450 CF 30 weight % pellet; o * Number of repetitions until the specimen was broken.
*2Siress.

Trade mark: [.C.1. Ltd.) were injection molded at cylinder
temperature of 370°~410° C., injection pressure of 2300

kg/cm® and mold temperature of 180° C. to form test
' specimens.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
0.

63

*>HDT—Heat distortion temperature
*Parts by weight for 100 parts by weight of resin composition
Example 43

For 60 parts by weight of polyimide which was prepared
from 1,3-bis(3-aminophenoxy)benzene and pyromellitic
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dianhydnide in the presence of phthalic anhydride as end-
capping agent and had an inherent viscosity of 0.65 dl/g and
40 parts by weight of polyarylether ketone (PEEK 450 P;
Trade Mark of I.C.I. Ltd.), 15 parts by weight of polyether-
imide (ULTEM 1000: Trade Mark of G.E. Co.) was dry 5
blended with a mixer, successively extruded through a twin
screw extruder at 370°~420° C. while charging from a side
feeder 5 parts by weight of carbon fibers for 100 parts by
weight of the resin composition and cut into pellets. The
pellets thus obtained were injection molded at cylinder 1
temperature of 370°~410° C., injection pressure of 2300
kg/cm® and mold temperature of 160° C. to form test
specimens.

Various properties were measured by these specimens.

Test items, test methods and results are illustrated in Table
10.

Examples 46~49

Test specimens were prepared by carrying out the same
procedures as described in Example 45 except that carbon
fibers illustrated in examples 46~49 in Table 10, were used.

Various. properties were measured by these specimens.
Test items, test methods and results are illustrated in Table

15
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38
(1)

O O
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C

/\./\
[:]_ \/\/
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O

wherein Ar 18

ST

Y, Y3
Y2 | Y
wherein X is one or more radicals selected from the group

consisting of a direct bond, divalent hydrocarbon radical
having 1~10 carbon atoms, hexafluorinated isopropylidene,

*3SHDT—Heat distortion temperature
**Parts by weight for 100 parts by weight of resin composition

What is claimed is:

1. A polyimide based resin composition having good
resistance to fatigue and creep, comprising 1~50 parts by
weight of polyetherimide for 100 parts by weight of a resin
composition comprised of 50~1 parts by weight of pol-

60

yarylether ketone and 50~99 parts by weight of a polyimide 65

having recurring structural units represented by the formula

(1):

10. carbonyl, thio, sulfonyl and ether radical, and Y,, Y,, Y.,
TABLE 10
Example 45  Example 46 Example 47 Example 48 Example 49
Composition
(parts by weight)
Polyimide 60 60 60 60 60
Polyarylether- 40 40 40 40 40
ketone -
Polyetherimide 15 15 15 15 15
Carbon fiber** 5 43 65 — 85
Fatigue test*’ 5.0 x 10¢ 1.0 x 10° 1.0 x 107 broke in  poor flow-
(12 kg/mm?)** unbroken early ability
stage
| of test
High temperature 7.0 x 10° 1.0 x 107 1.0 x 107 broke in
fatigue test*! unbroken  unbroken early
(8 kg/mm?*)*> stage
of test
~ Tenstle strength 16.3 27.1 29.9 12.4
(kg/mm?)
Creep strength at 14.0 23.8 27.5 10.5
break (kg/mm?)
Creep strength at 86 88 92 85
break (%)
Tensile strength at 9.2 13.8 15.9 7.5
150° C. (kg/mm?*)
Heat treatment non treated - «— —
Kind of polyaryl- PEEK 450 P € - € &
ether ketone
note)
*'Number of repetitions until the specimen was broken.
*2Stress.

and Y, are individually one or more radicals selected from
the group consisting of a halogen atom, lower alkyl radical,
lower alkoxy radical, chlorine atom and bromine atom; and
R 1s a tetravalent radical selected from the group consisting
of an aliphatic radical having 4~9 carbon atoms, monocyclic
aliphatic radical having 4~10 carbon atoms, monoaromatic
radical, condensed polyaromatic radical, and noncondensed
aromatic radical connected to each other with a direct bond
or a bridge member and wherein the polyimide is different
from the polyetherimide.
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2. A polyimide based resin composition comprising 1~50
parts by weight of polyetherimide for 100 parts by weight of
a resin comprising comprised of 50~35 parts by weight of
polyarylether ketone and 50~95 parts by weight of a poly-
imide having recurring structural units represented by the
formula (2): |

Y4

wherein X is one or more radicals selected from the group
consisting of a direct bond, divalent hydrocarbon radical
having 1~10 carbon atoms, hexafluorinated isopropylidene,
carbonyl, thio, sulfonyl and ether radical, and Y,, Y,, Y5 and
Y, are individually one or more radicals selected from the
group consisting of a halogen atom, lower alkyl radical,
lower alkoxy radical, chlorine atom and bromine atom; and
R is a tetravalent radical selected from the group consisting
of an aliphatic radical having 4~9 carbon atoms, monocyclic
aliphatic radical having 4~10 carbon atoms, monoaromatic
radical, condensed polyaromatic radical, and noncondensed
aromatic radical connected to each other with a direct bond
or a bridge member and wherein the polyimide is different
from the polyetherimide.

3. A polyimide based resin composition comprising 1~50
parts by weight of polyetherimide for 100 parts by weight of
a resin composition comprised of 50~1 parts by weight of
polyarylether ketone and 50~99 parts by weight of a poly-
imide having recurring structural units represented by the
formula (3):

(3)

O 0
| |

C C
O—r~y—0 N/ \R/ \N
O T TN AN
1 1
O O

wherein R 1s a tetravalent radical selected from the group
consisting of an aliphatic radical having 4~9 carbon atoms,
monocyclic aliphatic radical having 4~10 carbon atoms,
monoaromatic radical, condensed polyaromatic radical, and
‘noncondensed aromatic radical connected to each other with
a direct bond or a bridge member and wherein the polyimide
1s different from the polyetherimide.
- 4. A polyimide based resin composition of claim 1, 2 or

3 wherein the amount of the polyetherimide 1s 5~25 parts by

weight for 100 parts of the resin composition comprising
polyimide and polyarylether ketone.

5. A polyimide based resin composition of claim 1, 2 or
3 wherein the amount of the polyetherimide 1s 10~20 parts
by weight for 100 parts of the resin composition comprising
polyimide and polyarylether ketone.

6. A polyimide based resin composition of claim 1, 2 or
3 wherein the polyimide comprises an end-capped polymer
obtained by preparing said polyimide in the presence of
aromatic anhydride represented by the formula (4):

5
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(2)

O (4)

wherein Z is a divalent radical having 6~15 carbon atoms

and being selected from the group consisting of a monoaro-
matic radical, condensed polyaromatic radical and noncon-
densed aromatic radical connected to each other with a
direct bond or a bridge member, and/or aromatic monoamine
represented by the formula (5):

V—NH, (5)

wherein V 1s a monovalent radical having 6~15 carbon
atoms and being selected from the group consisting of a
monoaromatic radical, condensed polyaromatic radical and
noncondensed aromatic radical connected to each other with
a direct bond or a bridge member.

7. A polyimide based resin composition of claim 1, 2 or
3 wherein the polyarylether ketone has a least one recurring
structural unit selected from the group consisting of from
formula (6) to formula (10):
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8. A polyimide based resin composition of claim 1, 2 or 65 parts by weight of fibrous reinforcements for 100 parts by

3 wherein the polyetherimide has a recurring structural unit weight of the polyimide based resin composition of claim 1,
represented by the formula (11): 2 or 3.
(11}
0 O
| |
C 0 C\
wo\=/ @ 4
3
~c
I
O

9. A polyimide based resin composition of claim 1, 2 or 40

3 wherein the composition is improved their permanence
properties by heat treating at temperature of from 150° C. to

11. An injection molded article obtained from the poly-
imide based resin composition of claim 1, 2 or 3.

37(1}:)(35& polyimide based resin composition comprises 5 to .5 x % % % &
50
55

| 60

65
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